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ABSTRACT 

Bone mineral measurements before and after space missions have shown 
that weightlessness greatly accelerates bone demineralization. Bone mineral 
losses as high as 1 to 3% per month have been reported. Highly precise 
instrumentation is required to monitor this loss and thereby test the efficacy 
of treatment. During the last year, a significant improvement has been made 
in Dual-Photon Absorptiometry by replacing the radioactive source with an 
x-ray tube. Advantages of this system include; better precision, lower patient 
dose, better spacial resolution, and shorter scan times. The high precision and 
low radiation dose of this technique will allow detection of bone mineral 
changes of less than 1% with measurements conducted directly at the sites of 
interest. This will allow the required bone mineral studies to be completed in 
a shorter time and with greater confidence. 

INTRODUCTION 

It is well known that weight bearing bones demineralize if not subjected 
to mechanical stress. While the mechanism of this bone loss is not understood, 
it is clear that the reduced bone mineral density impairs the mechanical 
integrity of the skeletal system and may result in bone fractures. X-ray 
evidence of this demineralization is present at about 12 weeks in patients 
immobilized by major fractures or paralysis. Manned space flights have 
shown that extended periods of weightlessness have a similar effect. In US 
space flights lasting as long as 3 months, loss of bone mineral has not impaired 
the functional capabilities of astronauts. However, the prospect of extended 
and repeated flights requires additional bone mineral research to protect the 
health and insure the performance of space crews. 

During the last year, a significant improvement has been made made in 
Dual Photon Absorptiometry bone mineral measurement by replacing the 
radioactive source with an x-ray tube. Many factors motivate this change. 

The greater output flux of the x-ray tube permits shorter scan times and 
better precision. The smaller focal spot permits better beam collimation 
which results in better spatial resolution and lower patient dose. In addition, 
elimination of the radioactive material simplifies licensing and eliminates the 
need for yearly source replacement. These developments have been 
commercialized to monitor bone disorders in the general public. This paper 
discusses the operating principles of this new instrumentation and how it can 
be applied to manned space flight. 

BONE DEMINERALIZATION 

A gradual loss of bone mineral is normal throughout adulthood. It has 
been well established that bone mineral density decreases about 1 % per year 
with variation depending on the site examined (Krolner and Pors Nielsen, 
1982; Riggs et al, 1982). Many mechanisms are responsible for accelerated 
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bone loss beyond this natural ageing process. Bone demineralization is a 
significant health problem for post menopausal women. In the United States, 
osteoporosis affects some 15 to 20 million persons, and results in more than 1 
million fractures annually. The lifetime risk of a hip fracture to a female in 

the United States is about 15%, a similar risk as for breast cancer. Almost 20% 
of these fracture patients die within six months, and it has been estimated that 

40% of the survivors do not return to the independence of their pre-fracture 
life-style. 

While osteoporosis is a significant problem to the general public, it is an 
even greater problem to manned space flight. Bone mineral measurements 

before and after extended space missions have shown that weightlessness 
greatly accelerates bone demineralization. Bone mineral losses as high as 1 to 

3% per month have been measured (Anderson and Cohn, 1985). At this rate of 
reduction, bone fractures could be expected in as little as 1-2 years. After 
returning to a gravitational environment, this bone mineral loss is reversed 
and at least some of the damage is repaired. Whether or not the bone mineral 
is restored to a pre-space flight level is not clear. Measurements on the Skylab 

astronauts five years after their flights were lowe than before the flights and 

lower than in controls (Tilton et al, 1980). 


DUAL PHOTON ABSORPTIOMETRY 

Drug, diet, and exercise therapies have been suggested to reduce bone loss. 
A critical part of any therapy program will be the ability to make highly 
precise bone mineral measurements. Precision, or the ability to make 
repeatable measurements, is necessary to detect the small changes in bone 
mineral that occur over a short period of time. In past experiments, the 
imprecise measurements techniques have yielded error bars nearly as large as 
the results trying to be measured. The recently developed technique of X-Ray 
Dual-Photon Absorptiometry (DPA) has been demonstrated to provide better 
than 1% precision on measurements of the spine and the hip. These are the 
preferred measurement sites because they are the most common sites to be 
fractured as a result of low bone mineral content. 

Single Photon Absorptiometry (SPA), the predecessor of DPA, measures 
bone mineral content by passing a monochromatic beam of gamma rays 
through the patient. The measured gamma ray attenuation can then be related 
to the amount of bone mineral that the beam asses through. The significant 
problem with SPA is that there is no effective way of separating attenuation 
due to bone from attenuation due to soft tissue. This leads to errors in 
accuracy and precision. 

Dual Photon Absorptiometry was developed to better separate tissue from 
bone. The instrumentation is similar to SPA, except a radionuclide is used that 
emits photons at two distinct energy levels. The most commonly used 
radioisotope is Gadolinium- 153, which emits a group of gamma rays at about 44 
Kev and another group at about 100 Kev. Bone attenuates the lower energy 
photons much more than the higher energy ones. Soft tissue, on the other 
hand, attenuates both energy levels about an equal amount. This differential 

attenuation allows the separation of bone from soft issue. Two equations can 
be written using the measured attenuation at the two energies. From these 
two equations, the two unknowns can be found, namely the amount of soft 
tissue and the amount of bone mineral. 

Several methods have been suggested as to how to use an x-ray tube to 
perform DPA. One approach is to shape the x-ray spectrum by use of a rare 
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earth filter. The beam exiting an x-ray tube contains x-rays of widely varying 
energies. Fig. 1. shows the spectrum of two x-ray beams after passing 
through filters containing rare earth elements. The high absorption of the 
rare earth K-edges have removed x-rays with energies near the center of the 
spectrum. This results in two clearly defined energy peaks. These two energy 
peaks can then be used in the same manner as the radionuclide scanners 
which use the two energy peaks of Gadolinium-153. The broken line in Fig. 1. 
was obtained for a Samarium filter at 90 KV x-ray tube operation, while the 
unbroken line is fo Cerium at 80 KV. These two sets of operating parameters 
have both been used in DPA systems. 


SYSTEM PERFORMANCE 

In 1988, Lunar Radiation completed development of the Dual Photon X-ray 
(DPX) system. The DPX system is capable of whole body bone mineral scans as 
well as localized scans such as the spine and hip. Spine scans take 
approximately 4 minutes and require 1 mR patient dose. Spacial resolution is 
approximately 2 mm. 

Several thousand scans on spine phantoms have shown a DPX precision of 
about 0.5%. Monte Carlo simulations have shown that this precision is limited 
by quantum statistics of the detected x- rays, implying that better precision 

can not be obtained without increasing the radiation dose. Several in vivo 
spine studies have been completed on the DPX. As shown in Fig. 2, a normal 25 
year old male volunteer was scanned daily over a period of 3 weeks. The 
measured precision of this study is 0.8%, which is typical of other in vivo 

studies conducted. It should be noted that no drift is observable in the data 

over the three week measurement period. It should also be noted that the 
radiation dose received by the volunteer for the entire study was no more than 
for a standard chest x-ray. This combination of high precision and low dose 
allows repetitive measurements to detect bone mineral changes as low as 1 
percent. 

CONCLUSION 

The fundamental processes of bone demineralization during 

weightlessness are poorly understood. Additional studies are required to 
insure the health and effectiveness of space flight crews. X-ray 
instrumentation developed during the last year has significantly improved the 
ability to measure bone mineral, and the resulting integrity of the skeletal 
system. The high precision and low radiation dose of this technique allows 
detection of bone mineral changes of less than 1% with examinations 
conducted directly at the anatomic sites of interest. This will allow the 
required bone mineral studies to be completed in a shorter time and with 
greater confidence. 
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FILTERED ENERGY SPECTRUM 
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Fig. 1. Energy spectrum produced by rare earth filtration. 



SCAN NUMBER 

Fig. 2 . Measured in-vivo precision of the DPX system. 


224 



PRESENTATION VIEWGRAPHS 
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embarrassments. Anecdotes : 

• Particulates on SL-3 - Animals produced more particulates, and air stream failed to control. 

• Urine Monitoring System - See Science Requirements section. 

• Monkey Door - Perforated door replaced with solid. Designer used same part number. Result - 
Door replaced by back-up, perforated door, and solemn assurance to Mission Manager violated. 
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quite definitive and explicit, rarely contradictory, and often correct. Anecdotes: 

• Rack Interfaces - Hand made, so therefore requires hand-fitting or slotted holes. 

• Document Conflicts - What to do when you find them, and when you don't. 
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Over-instrumented equipment increases probability of failure and over-utilizes valuable resources. 
Over-instrumented specimens can also be deadly with respect to the information obtained and with 
respect to the specimen. Anecdotes: 

• RHESUS Project - Concern about loops and negative feed-back. 

• Biosatellite III - Over-instrumentation of Bonnie could have been a factor. 
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EVEN SHORT PERIODS OF HEAVY POWER MAY NOT BE ACCOMMODATED 
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the experiment / hardware developer an inkling of what to expect. Many capaDie 
people are available to the Scientist and Hardware Developer to assist in the design, 
fabrication and documentation process necessary to qualify and fly experiment hardware 
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SHARP EDGES 
LATCH DESIGN 

- PINCHED FINGERS 

- BUSTED KNUCKLES 

- HUMAN FACTORS 
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MINIMIZE ENVIRONMENTAL CONTROLS NEEDED AFTER LOADING 
AND PRIOR TO POST-LAUNCH EXPERIMENT STARTUP 
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- MISSION SPECIFIC 

- MANIFEST IN ACCORDANCE WITH EXPERIMENT REQUIREMENTS 
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- ON-ORBIT OPERATIONAL SIMPLICITY AT THE EXPENSE OF PRE-FLIGHT 
COMPLEXITY IS A GOOD TRADE-OFF 

- SIMPLICITY - SIMPLICITY - SIMPLICITY c 
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CONCLUSIONS/CLOSING REMARKS 


Robert S. Bandurski and Paul Todd 

This conference marks a watershed between the period when space was being tested for safety and 
the new period in which space is regarded as an important adjunct to our studies of biological, physical, 
and chemical phenomena. It was implicit in the numerous presentations and discussions that there will 
be increasingly frequent opportunities for experimentation in space, that generic hardware will facilitate 
the performance of space experiments, and that there will be commercial utility to space. Most 
importantly, there was a melding of physical and biological knowledge and an emphasis on how the 
weak forces of gravity are able to affect organisms composed of covalent and non-covalently bonded 
molecules. 

It was correctly observed during the conference that it is the life forms that have developed, evolved, 
and grown on earth that constitute the 1-g experiment. The micro-g, and ffactional-g controls attainable 
in space have, in general, rarely been done. We are now ready to study the micro-g controls and, for the 
first time, to understand the effects of 1 -g. 

This conference has convinced us that complex biological systems will greatly contribute to our 
knowledge of the physics of gravity. 
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CONFERENCE DEDICATIONS 


Professor George Nace 

(Provided by Kenneth Souza) 


George Nace was bom in 1920 in Cogsville, Pennsylvania. His parents were missionaries in Japan 
where, in his early childhood, he developed fluency in Japanese. During the second World War he was 
actively engaged for 2-3 years as an interpreter with the occupation forces where his fluency in Japanese 
was valuable. After his early years in Japan he came back to the United States, where he attended Reed 
College in Oregon and earned a degree in Biology. He then went to UCLA and obtained his masters and 
doctoral degrees in Zoology. Following a few years doing post-doctoral work, he joined the staff at the 
University of Michigan in 1957, where he remained until 1984 when he retired as Professor Emeritus. 
He died in 1987. 

It was during his tenure at University of Michigan, that I first became acquainted with him and his 
involvement in the frog rearing and culturing activities. He was a great proponent of ecological studies 
of amphibia and an expert in their nurturing and rearing in the laboratory. By carefully controlling the 
environment in which the amphibia were reared, Professor Nace could guarantee the quality of speci- 
mens for the investigator. When Rana pipiens became difficult to obtain because of over-collection 
during the 1960’s and 70’s, he became a supplier in every sense of the word. He founded his own 
company and had facilities where he developed a feeding technique which enabled him to raise Rana 
pipiens through metamorphosis to the adult stage. A 1985 issue of Science magazine featured Professor 
Nace and described his forte: the culture and rearing of a wide variety of “designer” amphibia or 
genetically-marked strains. 

In 1978 Professor Nace joined with John Tremor, Muriel Ross and me to develop the Frog 
Embryology Experiment now scheduled to fly on Spacelab J. While he remained a member of the Frog 
Embryology experiment his primary focus was on teaching, particularly in teaching students to convey 
the message that amphibia could be raised in the laboratory setting. Some of his students returned to 
Korea and Japan where, as a consequence, he came to be a recognized and respected expert in amphib- 
ian biology. Over the past two decades Professor Nace served on a variety of NASA advisory commit- 
tees and working groups. He was one of the first space biologists to recognize the need to include physi- 
cists in the analysis of microgravity experiments. It was during collaboration with a few physicists at the 
University of Michigan that Professor Nace developed what he called the torsional model of gravita- 
tional effects on the cell. The subject and focus of this event is a tribute to some of the insights and ideas 
of Professor Nace. I am pleased to dedicate this conference to him. 
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Professor Per F. Scholander 


(Provided by Robert S. Bandurski) 


The Cells in Space Conference deals with the most exciting voyage on which humans have yet 
embarked - the voyage into space. Thus, it is singularly appropriate that this conference be dedicated to 
Professor Per F. (Pete) Scholander - a pathfinder of the first order. He knew that opportunities to under- 
stand life processes lie at the fringes of our environment-where living creatures face extremes of cold 
and heat, of wet and dry, of salty and salt free. He realized that it was at these extremes that life would 
most vividly reveal its secrets. Of all scientists he would have shared our excitement at the prospects of 
this journey into space. 

Scholander was Professor Emertius of Physiology and the first Director of Scripp s Physiological 
Research Laboratory. He was bom in Orebo, Sweden on November 29, 1905, and moved to Norway at 
an early age. He received his Doctorate in Medicine from the University of Oslo, Norway, in 1932 and 
the Doctorum Honoris Causa from Uppsala in 1977. He was elected to the National Academy of 
Sciences and the American Philosophical Society. He died on June 13, 1980, in La Jolla, a suburb of San 
Diego, California, at the age of 74. 

Scholander had many research accomplishments usually characterized by the use of extraordinarily 
simple equipment, often built by himself, and capable of use in the extreme environments of the field. 
These included the Wick Technique for measurement of fluid pressures in animals and the Pressure 
Bomb for measuring solute osmotic pressures in plants. He was fascinated by the problem of getting 
water to the top of tall trees and, in this connection, used a rifle to shoot down branches from 100-meter- 
tall trees so their osmotic pressures might be measured. He investigated blood circulation and respiratory 
problems in diving animals, particularly the physiological mechanisms which act to prevent oxygen 
deficiency in brain tissue. He studied bradycardia, the cutting off of peripheral circulation, which devel- 
oped in mammals upon submersion in water, or in fish upon removal from water. He studied climatic 
adaptations in arctic and tropical animals and the dynamics of negative tissue-fluid pressures in animals. 
He advanced the idea that an anti-free substance is present in fish living in polar waters and was among 
the first to analyze the composition of gas bubbles in glacial ice to determine atmospheric conditions in 

ancient times. 

Professor Scholander was responsible for obtaining funds from the National Science Foundation for 
building and operating the Alpha Helix-the world’s first floating physiological biochemistry laboratory. 
The Alpha Helix, in addition to well-equipped laboratories, had an ice breaking prow and the stern of a 
Norwegian Whaler to carry scientists to the extremes of the world’s climatic conditions. 

How fitting that we should also dedicate this conference to Professor Scholander. We hope that 
memories of his vision will accompany us into the environs of space. 
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ATTACHMENT B 

CELL RESEARCH EXPERIMENTS 
(FLOWN/PLANNED) 

1 . Plant/Animal Cell Cultures 

2. Oocyte/Embryo Development 

3. Microorganisms 


The following tables provide a recent collection of space cell research experiments 
that have flown, or are planned. The experiments were obtained from a selected literature 
search and are divided into three groups: Plant/Animal Cell Cultures, Oocyte/Embryo 
Development, and Microorganisms. 

Information provided in the tables includes: the name of the experiment, the mission 
on which it was flown/planned and the year, a brief description of the flight hardware, 
and a reference source (see Attachment D). In addition, the table for Plants/Animal Cell 
Cultures provides the organism used for the culture. The experiments are arranged in 
ascending order according to the date of the mission and each has been assigned a 
number for references purposes. 

Several experiments refer the reader to the Cell Research Flight Hardware 
descriptions in Attachment C (obtained from references in Attachment D). 
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1. Plant/ Animal Cell Cultures 
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1. Plant/Animal Cell Cultures (Continued) 
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1. Plant/ Animal Cell Cultures (Concluded) 



300 


Page 3 






2. Oocyte/Embryo Development 
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2. Oocyte/Embryo Development (Continued) 
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3. Microorganisms 
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3. Microorganisms (Continued) 
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3. Microorganisms (Concluded) 
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ATTACHMENT C 

CELL RESEARCH HARDWARE/FACILITIES 
(FLOWN/PLANNED/EXISTING) 

1 . Cell Research Flight Hardware 

2. Groundbased NASA Facilities 
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1. Cell Research Right Hardware 
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1. Cell Research Flight Hardware (Continued) 
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1. Cell Research Flight Hardware (Continued) 



310 


Page 3 






















1. Cell Research Flight Hardware (Continued) 
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1- Research Flight Hardware (Concluded) 
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2. Goundbased NASA Facilities 
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